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WHETHER THE GAS IS WET OR DRY, you can enjoy new freedom 
from crankcase sludge, by using the famous Texaco Algol or 
Ursa Oils. 

Texaco Algol and Ursa Oils provide effective lubrication, keep 
engines clean, piston rings free in their grooves, assuring maxi- 
mum efficiency . . . longer service between overhauls. 

The outstanding performance that has made Texaco preferred 
in the fields listed in the panel has made it preferred also by gas 
engine operators everywhere. 

These Texaco users enjoy many benefits that can also be yours. 
A Texaco Lubrication Engineer will gladly cooperate . . . just 
phone the nearest of more than 2300 Texaco distributing plants 
in the 48 States, or write: 

The Texas Company, 135 East 42nd Street, New York. N. Y. 
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Improving the Lubrication of 
Gas Engines 


NOOD lubrication of a gas engine implies 

J reasonable freedom from wear and 

carbonaceous deposits. To bring about 
this desirable condition, more than the correct 
application of the proper lubricant is required, 
Air and gas entering the engine must be free 
from injurious substances and mixed in the 
proper proportion, The mixture must be fired 
at the right moment and the heat generated 
carried away by efficiently operated cooling 
and exhaust systems. The modern gas engine ts 
a well designed and sturdily constructed ma- 
chine, and if the operator keeps the load and 
speed within the range for which the engine 
was designed, carefully controlling the condi- 
tions just enumerated, good lubrication should 
result. 

The January, 1987 issue of “LUBRICA- 
TION” deseribed the fundamentals of gas 
engine lubrication—this article is) chiefly a 
discussion of the many related maintenance 
problems. 


Application of Lubricant 

The preferred method of assuring a con- 
tinuous film of lubricant between all rubbing 
parts is the delivery under pressure of a con- 
trolled quantity of oil to such surfaces. Slow- 
speed engines, when load conditions are not 
severe, can be satisfactorily lubricated by 
gravity flow or splash, but high-speed, heavy 
duty gas engines should be equipped with 
forced feed lubrication to all surfaces subject 
to wear. 

In the conventional systems oil is picked up 


from the sump in the engine base by the oil 
pump discharging through an oil filter and an 
oil cooler to the oil manifold, thence to the main 
bearings and through the shaft to the connect- 
ing rod bearings. Other bearings, gears and 
auxiliary parts either receive oil under pressure 
from the oil manifold or by splash. Cylinders 
are lubricated in small engines with oil thrown 
from the erankpin bearings and in larger en- 
gines by a separate cylinder lubricating oil 
pump. A separate feed for cylinder lubrication 
is very desirable, permitting the use of different 
lubricants for bearings and cylinders. 


Oil Quantity Control 

The engine should be examined periodically 
to determine whether all parts are receiving 
the correct amount of oil. In this connection 
the overall oil consumption of the engine is a 
good guide. This involves checking for oil 
leaks which includes observations of the water 
discharged from the oil cooler and the centri- 
fuge. Oil lost through any reclaiming process, 
which may amount to 5°¢ of the oil reclaimed, 
should, of course, be deducted from the engine 
oil consumption. After eliminating all other 
losses, the amount of oil passing by the piston 
rings should not exceed one gallon for every 
two thousand rated horsepower-hours opera- 
tion. Sufficient lubrication can usually be 
obtained with an overall oil economy of only 
four thousand rated horsepower-hours per 
gallon. The correct cylinder feed should be 
measured in rated horsepower-hours per gallon 
rather than in drops per minute, since the latter 
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figure is affected by oil viscosity and tempera- 
ture and also by the specific gravity of the oil 
in hydrostatic lubricators. 

Evidences of excessive cylinder lubrication 
are carbon deposits and surplus oil in the ex- 
haust ports. 

Insufficient oiling is indicated by dry spots 
on the cylinder walls and by excessive wear. 
Ring wear can be noted by the enlargement of 
the ring gap, while a ridge at the top of the ring 
travel will serve as a guide as to the amount of 
eylinder wear. Normal top ring wear in gas 
engines is equivalent to a gap increase of .0O1” 
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should approximate 5,000 h.p. hours per gallon 
regardless of the overall economy. The reason 
the leads are located at the top in two-cycle 
engine cylinders is that) crankease oil has 
difficulty getting by the ports, also, the intense 
heat generated makes it desirable to inject the 
lubricant at the point of maximum wear. This, 
of course, requires the use of a timed lubrica- 
tor, but rather than go to this expense, either 
bi-metallic or sealed) joint) piston rings are 
often installed to take care of a serious ring or 
evlinder wear problem. Dirt. improper cooling, 
excessive piston clearance, high exhaust back 
































Fig. 1—Vertical Gas Engine. 

per inch of ring circumference in 2,000 hours 
in four-ecycle, and in 1,000 hours in’ heavily 
loaded two-cycle engines. Cylinders normally 
wear .001” or .002” per 1,000 hours, depending 
on whether four- or two-cycle. In large engines 
ring gaps of .250” and cylinder wear of .050” 
are permissible before replacements are neces- 
sary. These figures are for guidance only and 
will vary considerably with different designs 
and operating conditions. 

After the degree of cylinder lubrication is 
ascertained, the rate of cylinder feed should be 
corrected so that the overall oil economy is 
normal, that is, assuming that the leads to the 
cylinder are located at the lower end of the 
ring travel, which is the usual location. 

If leads are located about 12” apart at the 
top of the ring travel, as is desirable in high 
output 2-cycle engines, then the cylinder feed 








pressure and improper lubricant can also con- 
tribute to a high rate of ring or cylinder wear. 
In the trunk type engine, the amount of oil 
reaching the cylinder walls is influenced by the 
amount of connecting rod clearance. This can 
be roughly checked when the engine is stopped 
by moving the connecting rod with a_ bar. 
Bearing clearance can also be judged by noting 
the oil pressure when the engine is idling. Tight 
bearings may also be detected if the engine 
comes to a quick stop when the ignition switch 
is closed. The connecting rod bearing clearance 
(new) should be about .0O1” per inch of crankpin 
diameter and should be readjusted before wear 
increases the clearance to .003” per inch. Bear- 
ing end clearance also governs the quantity of 
oil splashed. Failure to check the connecting 
rod bearings approximately every 4,000 hours 
will frequently lead to high oil consumption. 
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The operator has recourse to several means 
of controlling oil consumption other than main- 
taining the oil level at the correct height. The 
amount of splash is definitely proportional to 
the oil pressure and most engines, except where 
pistons are oil cooled with bearing oil, will 
operate under a fairly large range of oil pres- 
sures, thus providing a ready means of oil 
consumption control, Almost any degree of 
oil consumption can also be obtained with the 
wide variety of efficient oil control rings now 
available. Oil viscosity, which is merely a 
mitter of selection of the proper grade of oil, 


fluidity, high flow rate and proper cooling 
effeet on the bearings. Since sludge formation 
is often a problem, crankease oil should be 
resistant to oxidation. Crankease oil also 
should be of the type which filters readily, per- 
mitting the removal of sludge-forming bodies 
from the oil by efficient oil purifying devices. 

For the “one-shot” systems used for manu- 
ally lubricating valve stems, a light oil (SAE 
10) of low carbon residue is recommended. Gas 
compressors often use the same oil as the gas 
engine; however, if the gas which is being 
compressed contains liquid fuel, the lubricant 

















and oil temperature which determines the 
actual viscosity of the oil in the engine, are 
important factors affecting oil consumption. 
Engines which are stopped frequently for 
several hours, during which time the oil drains 
from lubricated surfaces, should be equipped 
with an auxiliary hand pump for foreing oil to 
the engine prior to starting. Cold wiped bear- 
ings can result if this precaution is not taken. 


Oil Quality 

Cylinder oil for the gas engine should have 
sufficient body or viscosity (SAE 30 to 40) to 
properly seal the rings, prevent loss by com- 
pression, and contamination of the crankcase 
oll by blow-by gases which would cause sludge 
formation. In two-eyele engines the oil must 
have sufficient film strength and heat resistance 
to prevent ring and cylinder wear. A high de- 
gree of detergency or cleansing ability is not 
ordinarily needed in gas engines due to the 
clean burning character of the fuel. 

Crankease oil should be fairly light in vis- 
cosity (SAE 20 or 30) to provide adequate 
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should be compounded with perhaps 5°% 


animal or vegetable oil which resists the wash- 
ing action of the liquid fuel. 


Gaseous Fuels 

From an operating standpoint, the charac- 
teristics of the gas of greatest interest are: the 
heating value, the amount of air required for 
combustion, the anti-knock value, the pre- 
ignition tendency, and the amount and nature 
of impurities. The average gas engine is de- 
signed and originally adjusted for a clean, 
natural gas, containing around 90°; hydro- 
carbon gases such as methane, ethane, or 
ethylene, and 10°% inactive gases such as car- 
bon dioxide or nitrogen. Such a gas will have 
a heating value of about 1000 B.T.U. per cubic 
foot and will require approximately ten cubic 
feet of air per cubic foot of gas for complete 
combustion. The anti-knock value will be 
over 100 octane number and the fuel will not 
asily preignite. Such a fuel will permit a high 
compression ratio and maximum spark advance. 
In the combustion of this gas about 12 gallons 
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of water will be formed for every 100 horse- 
power-hours produced. 

For the benefit of those more familiar with 
gasoline engine operation, gasoline vapors con- 
tain about 5600 B.T.U. per cubic foot, have an 
air fuel ratio by volume of 60:1, an octane 
number of perhaps 70, and produce less than 
nine gallons of water per 100 h.p.-hours. Thus, 
the natural gas engine inhales a gas only about 
one-sixth as potent as gasoline vapors, but 
consumes nearly six times as much, so that the 
power output is about the same. The natural 
gas engine can utilize a higher compression 
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a heating value of about 500.) Producer gas 
and blast furnace gas contain a very high per- 
centage of nitrogen and carbon monoxide and 
may have a heating value of 150. There are, in 
the United States, over 100 engines operating 
on sewer which contains about 
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methane and 20°, carbon dioxide and has a 
heating value of about 600. 

The amount of spark advance permissible 
without detonation will vary with the octane 
number. In decreasing order of octane number 
the more common gases are: methane, ethane, 
propane, ethylene and butane. 


Hydrogen has 
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Fig. 3—Path of oil through engine. 


ratio but produces over 30°) more water in the 
exhaust gas than a gasoline engine. 

In all probability the gas that an engine is 
using is considerably different than that on 
which the engine was originally tested. Usually 
the installation engineer makes such correc- 
tions and adjustments as necessary. However, 
when difficulties are encountered, a new 
analysis of the gas should be secured and the 
following points taken into consideration: 

The proper air fuel ratio by volume for a gas 
will roughly be about 1 100 of the heating 
value, thus a rich gas will require a leaner 
setting of the mixing valve than a gas of low 
heating value. Illuminating and coke-oven 
gas contain a high percentage of hydrogen 
which has a low heat value on a volume basis 
due to its low density. These gases may have 
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a great tendency to detonate and preignite 
unless a fairly high percentage of excess air is 
present. The presence of nitrogen and carbon 
dioxide, on the other hand, reduces the detonat- 
ing tendency. 

Water formation is of some importance 
where crankcase temperatures are low. The 
number of gallons of water formed per 100 
horsepower-hours being: hydrogen 20, methane 
12, and butane 9. 

The type and character of undesirable prod- 
ucts which may enter the engine with the fuel 
gas varies. Natural gas is comparatively clean; 
however, it may contain rust from deteriorated 
pipes or casinghead gasoline. Illuminating gas 
is also usually clean. Producer gas will contain 
soot and tarry matter. Blast furnace gas is 
very dirty, containing lime dust, iron oxide, 
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and soot. Coke-oven gas produced from 
bituminous coal contains coke-dust. tar and 
sulfur. Sewer gas may contain a very high 
percentage of hydrogen sulfide, usually removed 
by an “iron sponge.” Impurities are often re- 


ATION 

ft. and an engine requires only about one cubic 

foot for every 30 cubic feet of air. It is easily 

liquefied, normally boiling at atmospheric 

pressure at 32 degrees Fahr. and thus does not 

require an excessively high pressure to main- 
tain the fuel in a liquid 
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moved by scrubbing or water-washing the gas, 
in which case water may enter the engine with 
the gas. Neither the solid impurities nor the 
hydrogen sulfide content should be over 0.2% 
by weight, which is equivalent to 0.3. grains 
per ecubie foot. Solid impurities may cause 
wear or gummy deposits in the engine. Hydro- 
gen sulfide causes corrosion and preignition 
and also requires retardation of the spark to 
prevent detonation. Casinghead gasoline in 
natural gas may result in the over-production 
of power and an increase in detonation result- 
ing in overheating. 


Butane as an Automotive Fuel 


Butane has become a popular fuel for auto- 
motive service for several reasons: Butane is a 
rich gas containing nearly 3000 B.T.U. per cu. 


nearly the same as gaso- 


line at the lower ratio. 
Butane is, of course, 
carried under pressure 


which is reduced at the 
vaporizer from which the 
gas goes through a gas 
air mixer which may be merely a modified car- 
buretor. The efficiency of utilization depends 
largely on the functioning of the gas air mixer; 
consequently a thoroughly practical device 
should be used. 

The installation of high compression cylinder 
heads and the fuel adapter are about the only 
changes necessary in the engine to convert 
from gasoline to butane fuel. Valve timing is 
normal but the spark has to be readjusted. 
Advantages claimed for butane over gasoline 
operation are: Better performance at low 
speeds due to improved distribution, with 
about the same power developed at higher 
speed; a reduction in carbon deposits and less 
frequent oil change due to more complete 
combustion which also results in a_ cleaner 
exhaust with less carbon monoxide. 
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Finally between the gas reservoir and engine 
is an air gas mixing valve for properly pro- 
portioning the mixture entering the engine. 
The mixing valve has two passages, one for air 
and one for gas. The quality of the mixture is 











Fuel Systems 
The proper paoportionme of air and gas is 
highly important if good gas engine perform- 
ance is to be obtained. Gasoline engines are 
confined to a rather narrow range of mixture 
ratios and if the mixture 

strength is reduced to 

800%, mis-firing will occur. 5 as iatialeasaie 
This is also true toa lesser [~ i MIXING VALVE 
extent of butane, but with | _ 
methane and other gases, | € 

particularly those contain | 

ing hydrogen or carbon ves 

monoxide, the mixture ie FUEL GAS \ 
strength can be reduced on isiistiecaeidy 

the lean side to perhaps ; i 
50°, before mis-firing oc- i] NN 
curs. By operating at lean | 

mixtures fuel consump- __ileeaiiaabiat 
tion may be improved as 

much as 10°¢ at part loads. 
Ordinarily, power con- 
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rich side near the maxi- 

mum power ratio which 

occurs at about 15°; rich. Fig. 5——Fuel System, 
Operating with a mixture 

richer than that required for maximum power 
not only wastes fuel but causes over-heating, 
particularly of pistons, leading to ring sticking, 
sludging of oil and high ring or cylinder wear. 
Operating with very lean mixtures should also 
be avoided as it will promote late burning 
which may result in backfiring, burning of 
valves and excessive oxidation of the lubricat- 
ing oil on the cylinder walls. 

The correct air fuel ratio varies with the 
type of gas from 30:1 with Butane, to 1:1 on 
blast furnace gas. Thus one of the major 
problems of the gas engine operator is the 
correct adjustment of the air /gas mixing valve. 

A typical fuel system for a four-cycle gas 
engine consists of a primary and a sensitive gas 
pressure regulator, a gas reservoir and an air 
gas mixing valve. The primary regulator re- 
duces the gas pressure to between 1 and 
2 inches of water, while the sensitive regulator 
brings it down between 0 and 14 inches of 
water. With most gases atmospheric pressure 
at the engine is desired; some weak gases, 
however, have to be induced in such quantity 
that a positive pressure of more than 1! inch 
of water is required. 

After the pressure of the gas has been re- 
duced, it passes through a gas reservoir or surge 
chamber to absorb pulsations from the engine. 
The reservoir should have at least eight times 
the displacement of one piston. 
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adjusted by hand, by regulating the size of the 
gas port; while the quantity is controlled by 
the governor opening or closing both ports 
simultaneously. 

To properly adjust the air gas ratio a 
mercury manometer should be connected to 
the intake manifold for measuring the intake 
vacuum. The gas port opening should be 
adjusted slightly on the lean side of the setting 
for maximum manifold) vacuum which rep- 
resents the maximum power position. The cor- 
rect setting should give a manifold) vacuum 
about 5°; less than maximum on the lean side. 
The setting will normally zive best operation 
and alsoimpose least duty onthe lubricating oil. 

In the two-cycle engines the gas is not mixed 
with the intake air since about 30°; of the air 
is used for scavenging the cylinder and, there- 
fore, this amount of gas would be wasted. In 
two-cycle engines the gas is first reduced in 
pressure to about fifteen pounds and is then 
mechanically injected directly into the cylin- 
der. For engines operating at a constant load, 
as is usually the case, the governor only regu- 
lates the amount of gas injected and has no 
control over the air supply. For engines operat- 
ing under variable load conditions, the air 
supply should also be automatically con- 
trolled by the governor, otherwise mixtures 
may be too Jean at light loads, causing late 
burning and attendant ills. 
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Air gas ratio will change with variation in 
the heat value of the fuel and also with changes 
in manifold vacuum produced by the gradual 
clogging of the intake air cleaner. 


Spark Timing 

Lubrication difficulties may be encountered 
if the spark is not timed properly. If too far 
advanced, maximum pressures will be high and 
detonation apt to occur. If retarded, late burn- 
ing will result. In either event incorrect: spark 
setting will cause overheating which will heat 
the lubricant unnecessarily and may result: in 
evlinder or ring wear, carbonization or sludge. 

The spark timing should be frequently 
cheeked end compared with the B.PLU. con 
tent of the fuel. As a general rule, the manu- 
facturers recommended spark setting is for a 
gas of 1000 BJP.U. cu. ft. and the spark 
should be changed about one degree for each 
106 BUT.LU. variation from this figure, advane- 
ing the spark for the lower calorific value, 
slower burning fuels. 

As a check on the spark timing, observe the 
exhaust temperatures which will be high if the 
spark is retarded. If advanced, the engine will 
run roughly and detonation may be audible. 
With the correct spark setting, indicator cards 
will show a maximum pressure at about 10 
degrees past top dead center. 

The correct spark setting also varies with the 
air/gas ratio. In a typical engine the correct 
spark advance is 30 degrees at the ideal air gas 
ratio and 40 degrees at a weaker mixture con- 
taining 70°, of the ideal 
amount of gas. The import: 
ance of ignition timing ts 
apparent when it is realized 
that a 10 degree change may 
increase) maximum pressures 
by 100 Ibs. or 20°, with a 
corresponding increase in tem- 
perature and = fuel economy 
reduced by 10°;. Thus an- 
other good reason for keeping 
the air/gas ratio correctly ad- 
justed is that otherwise the 
spark timing will be incorrect. 








Cooling, System 


Efficient cooling is perhaps 
the most important engine fac 
tor that affects lubrication. 
Sludge, carbonization, wear, 
oil consumption, ete., are all 
dependent on engine tempera- 
ture. Thus when any type of lubrication 
problem arises, engine cooling should be one of 
the first items checked. 

As a rough figure, about 2500 B.T.U. /B.H.P. 





hr. are removed by the cooling water. To 
prevent distortion of engine parts, the water 
temperature should not) inerease more than 
10 degrees in passing through the engine. To 
meet this condition a circulation rate of 250 
Ibs. or 30 gallons per brake horsepower per hour 
is required. If the capacity of the water pump 
is much under this rate, the temperature dif- 
ferential will be excessive, and blow. by will 
result with the possibility of ring sticking and 
sludge formation. 

Considerations which determine the proper 
water jacket operating temperature are numer- 
ous. For best power and economy 180 degrees 
is required. This temperature is recommended 
in small engines when the evlinder bore is not 
large enough to cause carbonization and where 
the oil is drained frequently so that the adverse 
effect of the higher temperature on the erank- 
case lubricant is not so important. Lower 
jacket temperatures are advisable for engines 
of large bore and oil capacity, not only to pre- 
vent lubrication difficulties but to avoid pre- 
ignition or detonation. Jacket temperatures 
must not be too low, however, since at tem- 
peratures below 130 degrees water formation 
will cause evlinder wear at the lower end of the 
liner, and sludge in the crankease. One prom- 
inent gas engine manufacturer recommends a 
water outlet temperature of 140 degrees, an- 
other 150 to 160 degrees. Taking all factors 
into consideration, it would appear that the 
most satisfactory jacket temperatures are 135 
degrees in and 145 degrees out for large gas 
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engines. The operator should not consider 
these recommendations as inflexible; if the gas 
used produces a large amount of water after 
combustion or contains hydrogen — sulfide, 
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higher temperatures may be desirable, while if 
the gas has a tendency to preignite, very low 
temperatures may be necessary. 

To attain the recommended temperature of 
135-145 degrees, a closed system using soft 
water is required with a by-pass arrangement 
so that some of the hot water discharge from 
the engine can be recirculated to the water 
inlet to the engine. If the load on the engine 
is usually constant, the water temperature 
control valve can be manually operated. Where 
the engine load fluctuates frequently, thermo- 
static control should be provided. Tt is much 
better to cireulate a large quantity of warm 
water accompanied by a small temperature 
rise than a small quantity with a large temper- 
ature rise. In addition to reducing distortion, 
the faster water circulation lessens the possi- 
bility of sediment deposits in the water jackets 
and of steam pockets which may stop circu- 
lation altogether. Seale deposits will usually 
occur to the greatest extent in evlinder heads. 
Cylinder heads are frequently provided) with 
Inspection Covers permitting examination when 
overheating is evident. 

Where raw water must be used the cireula- 
tion rate should be about 45 gallons per B.LL.P. 
per hour and the water temperatures set at 
100 degrees in and 110 degrees out to prevent 
serious scale formation and an increased 
amount of crankease ventilation provided to 
reduce condensation which will inevitably 
occur at these low temperatures. 

Water temperatures in oil coolers, air com- 
pressors and intercoolers should be kept under 
120 degrees. This can be easily arranged when 
a by-pass recirculation system is installed on 
the gas engine. Where the by-pass system is not 
installed and the engine jacket is maintained 
at 145 degrees by regulating the quantity of 
raw water through the heat exchanger, then 
the raw water is also passed through the oil 
cooler, ete. 


Exhaust System 

Cylinder and ring wear as well as power loss. 
carbonization and valve burning, can be caused 
not only by high exhaust back pressure, over 
one inch of mercury, but also if the engine 
manufacturer's recommendations regarding 
size and length of exhaust piping are not fol- 
lowed. 


Oil-Water Sludge 

Closely allied with the subject of engine 
cooling is the question of sludge formation 
which is usually the result of improper tem- 
perature control. Sludge found in gas engines 
is usually a combination of the three general 
types—oil and water, oil and tar, or oil and 
carbon, 
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The water type of sludge may originate 
from leakage from the water jacket or at the 
oil cooler. When an engine is running, the oil 
pressure is usually greater than the water 
pressure in the oil cooler, preventing such 
leakage, but when the engine is stopped 
water may enter the oil system. Tt must also 
be reeognized that large quantities of water 
formed ino the combustion most 
gases producing considerably more water than 
do liquid fuels. This water is ordinarily in the 
form of steam and if the water jacket) and 
crankease oil temperature are maintained over 
130) degrees and if the erankease is) properly 
vented, condensation of water in the crankease 
will not occur. 

Until recently it has been rather common 
practice to circulate only small quantities of 
water through the engine, resulting in temper- 
atures of perhaps 90 degrees in and 140 degrees 
out. Under such conditions evlinder distortion 
is probable with greater blow-by and the chance 
of steam in the blow-by gases condensing in 
This water is apt to emulsify 
and also cause rusting of the lower part of the 
evlinder. Any hydrogen sulfide in the gas will 
form sulfur dioxide in the blow-by gases; this 
will be dissolved in any water present to form 
sulfurous acid which will also cause evlinder 
wear. Where such difficulties are encountered 
an improvement ino crankease ventilation is 
desirable. Usually a tall standpipe from the 
crankease will provide sufficient ventilation 
although a forced draft is sometimes necessary. 
Connecting the crankease breather to the air 
intake of the engine is also effective in securing 
adequate crankease ventilation, although posi- 
tive protection must be taken to prevent crank- 
case explosions due to backfiring which occurs 
rather frequently in gas engines. Ventilating 
the crankease in this manner may cause de- 
posit formation at intake valves or ports. 

Although new oils) differ) considerably in 
their ability to from water, the 
emulsifying tendency of used oils is largely 
dependent on the amount of contaminants in 
the oil; consequently, keeping the oil clean is 
good insurance against the formation of the 
oil-water type of sludge. 


Oil-Tar Sludge 

The second type of sludge, a mixture of oil 
and tar, is less frequently found in gas engines, 
the tarry matter usually originating in’ the 
crankease as the result of high temperature or 
excessive aeration of the lubricating oil. This 
is the result of slow oxidation or the combining 
of oxygen from the air with the hydrocarbon 
liquid, to form a soft, sticky solid or perhaps 
just a heavier, more viscous liquid depending 
on how badly the oil is oxidized. 


are pre ICCSS, 


the crankease. 


separate 
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The conditions which accelerate the forma- 
tion of this type of sludge are: An unstable oil, 
high temperature, and intimate contact of oil 
with air. To prevent this sludge formation use 
a stable oil, reduce oil temperatures, lessen the 
degree of atomization of the oil in the crankease 
and prevent any unnecessary formation of thin 
films of oil on hot surfaces. 

Linseed oil, an example of an unstable oil, 
oxidizes very rapidly even at atmospheric tem- 
perature when spread out ina thin film, giving 
oxygen an opportunity to contact the oil 
molecules. Straight petroleum oils do not oxi- 
dize appreciably at atmospheric temperature 
but under the influence of heat the hydrogen 
and carbon atoms tend to separate which 
gives an oxygen atom an opportunity to 
attach itself to the hydrocarbon forming a 
sludge particle. 

Oil temperature, which is so important in 
connection with sludge formation (every 25 
degrees Fahr., temperature rise about doubles 
the amount of oxidation), can be reduced in 
several ways: Water temperature 
lowered, more oil cooling provided, the oil 
sump capacity increased, or a less viscous oil 
used. High oil temperature may be due to a 
clogged oil cooler, to a hot running bearing or 
piston, to insufficient water cooling or to late 
burning of the fuel. 

To lessen the degree of oil atomization which 
is largely due to splash from connecting rod 
bearings, oil pressure may be reduced, bearing 


can be 


clearance decreased, or a more viscous olf used. 

It is, of Course, impossible to climinate the 
formation of thin films of oil on all unlubricated 
surfaces. Where hot spots exist as on the un- 
derside of pistons, either the amount of oil 
striking such surface should be kept to a mini- 
mum or great quantities of oil should be thrown 
against the hot spot. The advantages of flood- 
ing hot spots with oil are that the oil will cool 
the surface, none of the oil will be increased in 
temperature appreciably and the thick layer 
of oil does not present as many oil molecules to 
oxygen attack. 

In addition to the piston, hot surfaces in gas 
engines sometimes occur at the lower end of the 
evlinder liner where full length water jackets 
are not employed; a hot running bearing and 
valve chambers adjacent to the exhaust mani- 
fold may also develop hot surfaces. 

Should an engine casualty oceur, such as a 
piston seizure or bearing failure, the oil should 
be drained and new oil supplied, as during the 
running period preceding the casualty the oil 
will have been badly overheated and oxidized. 
If the engine has not been stopped in time or if 
the oil is not drained, a bad crankcase sludging 
condition and piston and eylinder carboniza- 
tion will result. 


Overheating of the oil will result if the engine 
is not allowed to run a few minutes under part 
load before shutting down. The centrifuge 
heater should be turned off a few minutes before 
the centrifuge is stopped, also to prevent 
local overheating of the oil. 


Oil-Carbon Sludge 

The third type of sludge, a mixture of oil and 
carbon, is also occasionally found in gas engines. 
The carbon originates in the combustion cham- 
ber or on the upper portion of the evlinder walls 
from thermal decomposition of the lubricant 
and may be due cither to Incomplete combus- 
tion or to blow-by past the piston rings. 

Thermal decomposition means breakdown 
of petroleum by temperature. Under the high 
temperatures encountered in the combustion 


chamber, fuel and = Jubricating oil combine 
with oxygen from the air to form carbon 
dioxide and water, but) any carbonaceous 


material which is not oxidized or burned may 
stay behind in the engine. This is confirmed by 
analysis of deposits from the combustion cham- 
ber and top land of the piston, which deposits 
are found to be made up almost entirely of 
hard carbon and mineral matter. 

Oils differ in their resistance to thermal de- 
composition, as is illustrated on page 118 of 
the October, 19389 issue of LUBRICATION. 

Although the formation of free carbon and 
the resultant: oil-earbon type of sludge can 
sometimes be improved by a change of the type 
of oil, much more can be done by proper control 
of operating conditions. Improper control of 
combustion conditions, particularly incorrect 
spark timing or air gas ratios can cause over- 
heating and charring of the lubricating oil as 
well as Incomplete combustion and deposition 
of carbon from the fuel. In this respect the gas 
engine has an advantage over either the gaso- 
line or Diesel engine. 

In the gas engine, distribution of the fuel is 
better than in most gasoline engines and the 
air fuel ratio from cylinder to cylinder is more 
uniform. Being in the gaseous state more com- 
plete mixing of the fuel with air occurs in a gas 
engine than in the Diesel where the fuel is in- 
jected in liquid state. The clean burning fuel 
in the gas engine largely eliminates fuel as a 
source of free carbon in the lubricating oil. 

In addition to checking the air gas ratio and 
the spark timing when carbonization of the 
lubricant occurs, the engine should be tested 
for preignition, for blow-by, for scaled water 
jackets, for improper cooling water tempera- 
ture control, and for carbon deposits on the 
inside of oil-cooled pistons, Excess oil consump- 
tion will obviously increase the formation of 
free carbon in the combustion chamber, Usually 
any increase in engine temperature, such as 
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that due to overload caused by leaking com- 
pression valves, accelerates the formation of 
free carbon. However, it is also possible that 
low temperatures under light loads and idling 
operation will cause carbon, the result of in- 
complete combustion, to build up in the engine 
rather than burn off as it does under normal 
engine temperatures and loads. 


Other Causes of Sludge 

Engineers of long experience are firmly of 
the opinion that the nature of the gas can 
contribute considerably to sludge formation, 
pointing out for example, that when heavier 
oils are used in sewer gas engines to more 
effectively seal the piston rings, sludge forma- 
tion is appreciably reduced. 


LUBRICATION 


October, 1941 


Typical examples of analysis of the three 
most common types of sludge are shown in 
Table I. 

The oil-water type sludge will contain a high 
percentage of water, the oil-tar type will con- 
sist’ largely of benzine soluble asphaltic and 


tarry matter, while the oil-earbon type is 
identified by a high percentage of benzine 
insoluble carbonaceous material. Once the 
character of the sludge is established, the 


proper correction measures previously cnumer- 
ated can be applied. 


Significance of Tests on Used Oil 

Viscosity. and neutralization number in- 
creases indicate the degree of oxidation that 
has taken place in the oil, while the benzine 


TABLE I 


The three tvpes of oil sludge 


Sludge type Oil-Woater Oil-Tar Oil-Carbon 
Typical Analysis: 
Oil 204 34.1 68.9 
Benzine soluble 27-1 38 0 29 
Benzine insoluble = 20.3 20] 
Minerals 15.8 ee 60 
Water 0 ae > 1 


Probable Source 
Corrective Measures: 
Oil characteristic required: Cleanliness 


Operating changes required: it. 


temperature. 
2. Better crankcase 2 
ventilation. 


The presence of certain metals, notably 
copper, develops a catalyzing effect, greatly 
accelerating oxidation and sludge formation; 
in fact, the use of copper tubing in crankeases 
is no longer considered good practice. Finely 
divided | iron catalytically when 
present in the oil. 

Cases have also been reported of sludge 
formation, in gas engines driving generators, 
due to electrolysis. 

Dust and iron from wear or rust act as nuclei 
for the coagulation of sludge particles or may 
even constitute a major portion of sludge. The 
presence of such materials will usually be 
detected in the chemical analysis of the sludge. 


also acts 


Determination of Sludge Type 

Laboratory analysis is indispensable in de- 
termining the type of sludge. Since different 
types of sludge require different changes in 
operating conditions, it is dangerous to diagnose 
sludge troubles without first) submitting a 
sample of the used oil and of the sludge, 
usually from the filter, to the chemist for 
determination of the sludge type. 


Crankease condensation Crankcase oxidation 


Raise water and oil 1. 


Combustion chamber 


Resistance to oxidation Resistance to thermal 


de omposition. 


Lower oil tempera- 1. Improve combus- 
ture. tion 
Reduce blow by. 2. Reduee oil 
consumption. 
soluble test. (difference between benzine  in- 


soluble and naphtha insoluble) measures the 
amount of tarry matter in the oil. Oils which 
are exposed to oxidation in’ the laboratory 
also show a high percentage of benzine soluble 
matter and service tests have confirmed that 


this tarry material largely originates from 
crankease oil oxidation. 
The benzine insoluble test (difference be- 


tween benzine insoluble and mineral content 
measures the amount of hard carbonaceous 
matter in the oil. Oils which are exposed 
solely to oxidation contain little benzine in- 
soluble material, whereas oils subjected to 
thermal decomposition contain a high per- 
centage of free carbon, Service experience has 
also confirmed that free carbon largely origi- 
nates from the combustion chamber. 

The ash test identifies any mineral matter 
in the oil which might cause or result) from 
weer. Other tests determine water content, 
corrosiveness, ete. 

In general, used oil tests indicate not only 
whether the oil is fit for continued use but also 
give a clue as to operating conditions since 
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any serious engine defect: will usually cause a 
change in the condition of the used oil. 


Care of Oil 

Due to thermal decomposition and oxida- 
tion, as well as foreign matter contamination, 
solids will form in the crankease oil at a certain 
rate. Tt is to install sufficient oil 
purifying apparatus to remove this contamina- 
tion at an equal or faster rate. Straight mineral 
oils permit the easy removal of carbonaceous 
matter and are therefore usually preferred for 
the gas engine crankease since when adequately 


Necessary 











SURGE 
heath SOFT WATER 
— MAKE UP 
 —— — : 





Ce 














collect at the point where the oil enters the 
bearing clearance, restricting the flow of oil 
through the bearing. 

To determine the cause of a bearing failure, 
examine the surface closely under a microscope. 
Look carefully for particles of foreign matter 
which might bridge the clearance between 
bearing and shaft, causing local over-heating. 
If sediment is found embedded in the bearing 
metal, the oil should be analyzed for con- 
tamination substances and the oil sump should 
be examined for foreign particles. Misalign- 
ment will be evidenced by cracks near the edge 
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purified and barring accidents, such oils can be 
used for long periods in large engines. Where 
the oil purifying equipment is inadequate, as 
on many small, high-speed engines, then it is 
often desirable to use an oil of special dispersion 
ability to keep carbon particles so finely divided 
that they will pass through the filters, in which 
case the oil must be drained frequently to re- 
move the carbon from the engine. 


Bearing, Examination 

Bearing problems are largely of mechanical 
origin as an oil film will withstand pressures 
well above the maximum allowable bearing 
metal loads. An ample flow of oil is, of course, 
highly desirable to carry away heat from the 
bearing since the strength of bearing metal is 
greater at lower temperature. The principal 
consideration from the oil standpoint is cleanli- 
ness, as any sediment in the oil is apt to 


of the bearing and if suspected the crank webs 
should be checked; as the shaft is rotated, the 
distance between the webs should not) vary 
more than .003”. If the appearance of the 
bearing shows that less than 85°, of the area 
has been carrying the load, it is an indication 
that the bearing was improperly fitted. If the 
bearing metal seems to have flowed or the 
bearings are shelled out near the center where 
the load would be applied at top dead center, 
the engine should be checked for preignition 
or excessive spark advance. The back of 
the bearing should also be looked at to de- 
termine whether complete contact with the 
housing has been established. Where the shell 
and housing have been in contact, the surface 
will usually be cleaner and brighter. If the 
back of the bearing opposite a failed portion is 
dull, or coated, it is an indication that heat 
transfer at that point between the shell and 
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housing has been impaired. A bearing which 
is pitted over a wide area is probably corroded 
due to sulphur from the fuel. If the bearing 
metal contains a high percentage of lead or 
other alloys susceptible to oil corrosion, then 
the quality and temperature of the oil should 


be checked. 


Exhaust Valve Sticking, 

The deposits which cause valves to stick may 
originate from fuel, lubricant or the intake air. 
If the engine is equipped with an efficient air 
cleaner and the fuel gas is clean, then any 
deposits on the valve stems are usually assumed 
to be due to oi! quality, oil quantity and valve 
temperature. Heavy oils of high carbon residue 
are to be avoided. Sufficient otl should reach 
the stems to provide adequate lubrication but 
an excess of oil will cause carbonization. If the 
valve stems show scuffing or other evidence of 
lack of oil, a light oil ean be injected into the 
engine by the addition of an upper cylinder 
oiler. By far the better practice is separate 
lubrication of the valve stems, permitting the 
addition of a measured amount of the lubricant 
to reach the valves. 

The ordinary cause of valve sticking is high 
temperature induced by engine overheating, by 
an improper seat, by incorrect: spark timing 
air gas ratio, or by preignition of the fuel. 
Valve sticking may occur if there is insufficient 
tappet clearance or if springs are weak; the 
latter can be checked by comparison with a 
new spring. A bell mouthed or worn guide 
may permit carbon accumulation as will guides 
which extend into the flame path. 


Special Oils 

Gas engines are built to run on good quality 
straight mineral oils. If an engine is not over- 
loaded and is operated and serviced properly, 
these oils provide the most economical lubrica- 
tion if efficient oil purifying apparatus is avail- 
able. The special oils which have been de- 
veluped recently for heavy duty internal com- 
bustion engines should be reserved for use 
when the engine becomes worn, overloaded or 
subject to some other extreme operating con- 
dition such as poor fuel. When difficulties are 
encountered in normal operation, the mechani- 
cal maladjustment should be corrected rather 
than depending on a special oil to cure the con- 
dition. 

Unquestionably the special oils of high load 
carrying ability, greater cleansing action and 
other desirable characteristics should be used 
where advisable. On the other hand, these 
oils are more expensive, do not permit purifiers 
to remove carbon contamination, have to be 
drained frequently and may _ possess other 
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sensitivity. When faulty lubrication is’ en- 
countered, consult a lubrication engineer who 
has available a complete line of internal com- 
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bustion engine lubricants. Some gas engines 
require a straight naphthene base oil; others 
a straight paraffin oil, and a few a special com- 
pounded lubricant, but all engines require 


disadvantages such as foaming and water careful, intelligent maintenance. 
Printed in U.S. A. by 
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ATLAS IMPERIAI IESEL ENGINE C 
GN141, GS528, GS1021 . 
GS2124, GS2771, GS2972 . .. 
GS464, GS763, GS1558, GS1964 
Lycoming AFG. ASG. AEG 
De La Vergne 
lype G; Others 
t 
! Ball) 12°*..14°", 15°, 16°*, 17°; 18" 
i 
3400G, 4400G. {Warm weather 
4600G. others |Cold weather 
NGINE 
Type R 
All models 
FG. RA. HSS, HS6 . 
Hoe 2. 4. 7. 9 19; 15 
PC, PD, PE. PF. PB40. PB60 
Bobcat, Bobkitten . 
Z: 4.6.8 
Climax oe H4B, N4B, |\Summer 
. R6I. R8I | Winter 
c EF F EMER 
EN, GN, JS. LSG 
Et ENGINE CORPORATION: 
Summer 
A. N. R. S: Winter 
Extra cold 
{Summer 
GK. GL Winter a a 
(Summer 
GF. GG. GU, GW) winter 
FAIRBANK MORSE & CoO. 
ae os ale ee ee eee 
FOOS GAS ENGINI 20. 
Allmodels ... . 
4 
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Ursa Oil X-20 
Ursa Oil X-10 


Algol Oil 


Ursa Oil 


Ursa Oil P-30 
Ursa Oil 
Ursa Oil 
Ursa Oil 
Ursa Oil 


Ursa Oil P-40 
Ursa Oil P-30 


Ursa Oil 


Algol Oil 
Ursa Oil P-20 
Ursa Oil P-10 
Algol Oil 
Ursa Oil P-20 


Ursa Oil 
Ursa Oil P-30 
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Ursa Oil 
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GAS ENGINES 


INGERSOLL-RAND CO. 
XVG <6 ioe ae ee ee 


THE MERIAM CO. 


Below 200 HP 
Above 200 HP 


NATIONAL SUPPLY CO. 


Superior: Above 70° F. 
LOC, VDMD, {32-70° F. . 
VDSC, VGST| Below 32° F. 


Ursa Oil 


Algol Oil 
Ursa Oil 


Ursa Oil 
Algol Oil 
Ursa Oil P-20 


2O. 


NATIONAL TRANSIT PUMP & MACHINE CO 


Transit 9°’, 24°’, 36” 


NORDBERG MFG. CO. 
Four cycle 


{Bearings . 


Two cycle | Cylinders 


NOVO ENGINE CO. 
Novo: All models 


OIL WELL SUPPLY CO 
Black Bear 18°’, 20°’ 


THE RATHBUN-JONES ENGINEERING CO 


Rathbun: 18°’, 22°", 24°", 28°’ 


THE TITUSVILLE IRON WORKS CO. 


Tico BL, V-10 
TIPS ENGINE WORKS 
GHD 


WEBER ENGINE CO. 


A, AB, BM. 3BM. 4ND. 5ND. 6ND 


Mechanical Lubricator 
Main Bearings-—ring oiled 


{Summer 


Main Bearings— roller! ) Winter 


H-1, H-2, 2MC, IMC, 4MC 


Cylinders 


{Summer 


Bearings) winter 


F, F-8 


Mechanical Lubricator 


{Summer 


Main Bearings) Winter 
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Natural Gas Engines 
Sewer Gas Engines 


{Summer 
| Winter 
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Ursa Oil 
Algol Oil 
Alcaid Oil 


Starfak No. 3 
Starfak No. 2 


Ursa Oil 
Algol Oil 
Alcaid Oil 


Ursa Oil 


Starfak No.3 
Starfak No. 2 


Algol Oil 
Ursa Oil 
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HERE'S NO MYSTERY about keeping 
natural gas engines CLEAN. To hun- 
dreds of operators the “clue” to sludge-free 
crankcases is simply the use of Texaco 
Ursa Oil P. 
Highly resistant to reaction with mois- 
ture and impurities present in natural gas, 


Texaco Ursa Oil P is also highly resistant 


THE TEXAS COMPANY ° 


ATLANTA, GA. . 
BOSTON, MASS. 
BUFFALO, N. Y. 
BUTTE, MONT. . 
CHICAGO, ILL. 
DALLAS, TEX. . 
DENVER, COLO. 


133 Carnegie Way 

20 Providence Street 

14 Lafayette Square 

Main Street & Broadway 

. 332 So. Michigan Avenue 
2310 So. Lamar Street 

. 910 16th Street 


TEXACO PETROLEUM PRODUCTS ° 
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: as Engines 
4s central station. In- 
successful, lubricated 


to sludge formation. Its use assures effec- 
tive, low-cost lubrication and minimum 
maintenance expense. 

A Texaco Lubrication Engineer will 
gladly cooperate in increasing the effi- 
ciency of your gas engines . . . just phone 
the nearest of more than 2300 Texaco dis- 


tributing plants in the 48 States, or write: 


DISTRICT OFFICES 


HOUSTON, TEX... 720 San Jacinto Street 
LOS ANGELES, CAL... . 929 South Broadway 
MINNEAPOLIS, MINN. 706 Second Ave., South 
NEW ORLEANS, LA. 919 St. Charles Street 
NEW YORK, N. Y.. . . 205 East 42nd Street 
NORFOLK, VA. . Olney Rd. & Granby St. 
SEATTLE, WASH.. 3rd & Pike Streets 


Indian Refining Company, 5 East Market Street, INDIANAPOLIS, IND. 

















